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57 ABSTRACT

A flooded heat exchanger of is described. The flooded heat
exchanger has a primary tube bundle inside which a first
operating fluid flows, a skirt surrounding the primary tube
bundle and receiving a second operating fluid which flows
over the primary tube bundle, and one or more extractable
units, each in turn having a secondary tube bundle which
receives an auxiliary operating fluid, and a secondary tube
plate for performing a removable connection to the flooded
heat exchanger.
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1
HEAT EXCHANGER

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is the US national stage of Inter-
national Patent Application PCT/IT2010/000491 filed on
Dec. 9, 2010.

The present invention relates to a heat exchanger, in
particular suitable for use in industrial air-conditioning
plants, and to a unit associated therewith.

A very common type of heat exchanger for industrial use
is a so-called flooded heat exchanger.

As is well known to the person skilled in the art, this type
of exchanger has a skirt which acts as an outer casing and
which contains one or more tube bundles inside which a first
operating fluid, in particular a “hot” fluid, flows. A second
“cold” operating fluid, i.e. a refrigerating fluid, is then
supplied inside the skirt and flows over the tube bundle or
bundles so as to ensure heat exchange with the first fluid.

According to the most common operating modes, at the
end of the exchange is stage, the second fluid should be
completely vaporized. However, a drawback which is fre-
quently encountered is that the second operating fluid con-
tains residual atomized particles (mostly due to low super-
heating of the vapour) which may damage the components
downstream of the exchanger or in any case result in their
operation under non-standard conditions.

Moreover, a general drawback of the known systems
consists in their poor versatility in response to changes in the
fluid temperature and flowrate requirements downstream.

Therefore the technical problem posed and solved by the
present invention is that of providing a heat exchanger and
an associated extractable unit which are able to overcome
the drawbacks mentioned above with reference to the prior
art.

This problem is solved by an extractable unit and by a
heat exchanger.

The invention also relates to an operating method for heat
exchange.

Preferred features of the present invention are defined in
the dependent claims thereof.

The present invention provides a number of significant
advantages. The main advantage consists in the fact that the
extractable unit according to the invention, by means of an
associated secondary tube bundle, allows further superheat-
ing of the refrigerating operating fluid, thereby eliminating
any atomized liquid particles present in the flow thereof.

Moreover, since this unit according to the invention is
removable, maintenance may be carried out easily.

Further advantages, characteristic features and the modes
of use of the present invention will become clear from the
following detailed description of a number of preferred
embodiments thereof, provided by way of a non-limiting
example. Reference shall be made to the figures in the
accompanying drawings in which:

FIG. 1 shows a schematic side view of a heat exchanger
according to a first preferred embodiment of the present
invention;

FIG. 1A shows a cross-sectional view of the exchanger
according to FIG. 1, along the line A-A thereof;

FIG. 1B shows a schematic front view of the exchanger
according to FIG. 1;

FIG. 2 shows a schematic side view of a heat exchanger
according to a second preferred embodiment of the present
invention;

10

15

20

25

30

35

40

45

50

55

60

2

FIG. 2A shows a cross-sectional view of the exchanger
according to FIG. 2, along the line A-A thereof; and

FIG. 2B shows a schematic front view of the exchanger
according to FIG. 2.

With reference initially to FIGS. 1, 1A and 1B, a heat
exchanger according to a preferred embodiment of the
invention is denoted overall by 101.

The heat exchanger 101 is shown with a pair of extract-
able exchanger units mounted thereon, each being denoted
by 100 and being designed according to a preferred embodi-
ment of the invention.

The exchanger 101 is of the so-called flooded type and
includes a skirt 1 which acts as an outer casing and which
has a typical oblong form defined by a longitudinal axis of
symmetry L. and by a transverse axis of symmetry T.

One or more primary tubes 10 are housed inside the skirt
1 and have, flowing inside them, a first operating fluid, in
particular a “hot” fluid. This first operating fluid is supplied
inside the primary tube bundle 10 of the exchanger 101 via
an inlet 4 and flows out of via an outlet 14 arranged on the
same—{front—side of the skirt 1 as the inlet 4. The inlet and
the outlet 4 and 14 may be in the form of connectors or
nozzles of the type known per se. In the present embodi-
ment, said first operating fluid is water. Applicational vari-
ants may envisage the use of water with anti-freeze or other
fluids.

The tubes of the primary bundle 10 therefore pass longi-
tudinally through the space inside the skirt 1 along a
serpentine path, with at least one outgoing section and at
least one return section. Along this serpentine path, the tubes
of the primary bundle 10 are supported by membranes or
baffles 20 and by a middle tube plate 3 which extends
transversely inside the skirt 1, from one side to the other
thereof, and is permanently fastened to it for example by
means of welding. Two further tube plates 2 are provided at
the front and rear outer walls of the skirt 1 and are also
permanently fastened to the latter for example by means of
welding.

The tubes of the primary bundle 10 are permanently
connected, and in particular for example drifted, inside
special holes in the bundle plates 2 and 3.

At the rear wall of the skirt 1, i.e. on the opposite side to
the inlet 4 and outlet 14, a header or end closing member 8
is arranged on the outside of the respective tube plate 2 and
fastened to it. The header 8 collects the water from the
bottom part of the serpentine path of the primary tube bundle
10 and supplies the top part thereof.

At the front wall of the skirt 1, in this case also a similar
end closing member 16 is arranged on the outside of the
respective tube plate 2 and fastened to it. This front end
member 16 has a sealed internal partition 21 which divides
the incoming operating fluid supplied by the connector 4
from the outgoing fluid conveyed to the connector 14.

A second “cold” operating fluid, i.e. a refrigerating fluid,
in liquid form or almost completely liquid form, is then
supplied inside the skirt 1, via a pair of bottom inlets 9. This
operating fluid floods the skirt 1, flowing over the primary
tube bundle 10 so as to ensure heat exchange with the first
operating fluid, and is then recalled into a special pair of
outlet/intake nozzles 6, now being in gaseous form. The
latter are arranged on top of the skirt 1—i.e. on the opposite
side to the bottom inlets 9—and each on a respective side of
the middle tube plate 3. The inlets 9 and the outlets 6 may
also be in the form of connectors or nozzles of the type
known per se.

Relative to the flow of the second operating fluid, the
middle tube plate 3 forms a series partition for the exchange
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of'heat between the first and second fluids, therefore defining
two exchange circuits which, as implied, are arranged in
series.

The exchanger 101 considered here is therefore of the
so-called double-circuit type (skirt side) or “double pass”
type (tube inner side). In different embodiment which envis-
age only one “pass”, the inlet and outlet for the first fluid are
situated on opposite sides. One such variant also envisages
other modifications in the arrangement of the components
within the competence of a person skilled in the art.

Moreover, further constructional variants with three or
more passes (tube side) or three or more circuits (skirt side)
may also be envisaged.

As can be seen more clearly in FIG. 1A, inside the skirt
1 the flow of the second operating fluid is guided by
distribution means. In the present example, these comprise
advantageously a longitudinal distributor in the form of a
perforated plate 13, in particular a sheet-metal plate, per-
manently fastened in a sealed manner, for example by means
of welding, to the skirt itself 1 and arranged underneath the
primary tube bundle 10.

Further transverse distribution elements are associated
with the longitudinal distribution plate 13 that, in the present
example, consist of baffles or partitions 12 which are fixed
to the skirt 1 and extend over the entire height of the primary
tube bundle 10, transversely alongside the latter.

The inclination of the transverse baffles 12 corresponds to
a transversely staggered arrangement of the tubes of the
primary bundle 10 and has the effect that the gas bubbles
resulting from vaporization of the second operating fluid
following heat exchange with the tube bundle 10 do not have
a direct impact on the rows of transversely adjacent tubes of
the primary tube bundle 10, thus favouring the exchange
efficiency since the bubbles occupy space, therefore remov-
ing space from the liquid, resulting in inefficiency during
exchange. Moreover, with the above-mentioned arrange-
ment a convective flow which improves the exchange is
created.

As mentioned above, a pair of extractable units 100,
which in the present example act as superheaters of the
second operating fluid, is associated with the exchanger 101
as described hitherto. In particular, a first extractable unit
100 is inserted via the rear wall of the skirt 1 and a second
extractable unit 100 is inserted via the front wall of the skirt
1, so that there is an extractable unit for each of the two
exchange circuits separated by the middle tube plate 3.

For the sake of simplicity, the description which follows
will be provided with reference to only one of said units 100,
the comments being applicable also to the other unit on the
opposite side.

The extractable unit 100 is removably connected to the
exchanger 101 at a top portion of the respective front or rear
tube plate 2, for example by means of bolts or similar
mechanical means. A fixing plate or flange 7, which acts
both as a tube plate for the unit 100 and as a means for
performing mounting on the exchanger 101, is provided for
the purposes of this connection.

The fixing plate 7 has a mechanical seal between it and the
associated tube plate 2 which prevents any loss of refrigerant
(skirt side).

Different embodiment may envisage means for removable
connection of extractable unit 100 and exchanger 101 dif-
ferent from those considered here.

The extractable unit 100 comprises a secondary tube
bundle 19 which is passed through during operation by an
auxiliary operating fluid, in the application described here a
“hot” fluid, in particular a liquid refrigerant supplied by a
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condensing plant. This secondary tube bundle 19 follows a
serpentine path, with at least one outward section and at least
one return section, the length of which is defined by the
distance between the respective front or rear tube plate 2 and
the middle tube plate 3 of the exchanger 101.

In the already mentioned exchanger variant with a single
circuit, this length would be defined by the distance between
the two front and rear tube plates.

The extractable unit 100 therefore has an inlet and outlet
17 and 18 which are arranged alongside each other on the
same front or rear wall of the skirt 1, these also being in the
form of connecters or nozzles which are known per se. On
the opposite side to the latter, a header or end closing
member 15 sealing with a seal is provided, said header being
required for the return of the auxiliary fluid inside the tubes
of the secondary bundle 19 after the outward section.

Owing to the arrangement described the unit 100 may be
introduced into and connected to the exchanger 101 in a
simple and rapid manner, acting on only one side (front or
rear) of the latter.

Preferably, the tubes of the secondary tube bundle 19 are
of the finned type.

Fixed to the skirt 1, above the primary tube bundle
10—i.e. downstream of the heat exchange between the latter
and the secondary operating fluid—the exchanger 101 has
means for channelling the flow of secondary fluid towards
the tube bundle 19 of the extractable unit 100. These
channelling means, in the present example, are in the form
of two lateral deflectors 11 which are fixed to the skirt 1 and
designed in the form of inclined lateral plates extending over
the entire longitudinal length of the skirt 1.

In this way, the secondary operating fluid, which rises
after flowing over the primary tube bundle 10 and is in the
form of a wet refrigerating gas in the present application,
along its path towards the outlets 6 is “channelled” by the
deflectors 11 towards the secondary tube bundle 19. Along
this path where the secondary operating fluid flows over the
tube bundle 19, the hot liquid inside the latter cools and the
wet secondary gas is heated more than the heat exchange
with the primary tube bundle 10. This allows a compressor
arranged downstream of the exchanger 101 to draw off, via
the intake connector 6, “dry” superheated gas, thus ensuring
the total absence of liquid droplets in the gas itself.

At the same time, the auxiliary operating fluid, which is
typically in the liquid state, is subcooled and flows out of the
outlet 18. Preferably, this outflowing operating fluid is
introduced again into the exchange stage through one of the
inlets 9, usually via an expansion/regulating valve which
keeps the liquid level inside the skirt 1 at the desired level,
entering below the primary tube bundle 10 in the form of a
“cold” secondary operating fluid. This type of connection
between the outlet 18 for the auxiliary operating fluid
flowing into the extractable unit 100 and the inlet 9 for the
secondary operating fluid may also be of the removable type.

The entire length of the deflectors 11 is also provided with
a guide for inserting the extractable unit 100, which also acts
as a support for the unit 100 itself.

From the above description it can be understood how the
extractable unit 100 forms a removable exchanger designed
to provide a secondary heat exchange stage.

A second embodiment of the invention is shown in FIGS.
2, 2A and 2B which employ the same reference numbers
already used, for components which the same or similar to
those of the first embodiment.

Compared to the first embodiment already described, in
the second embodiment the configuration of the tubes of the
secondary bundle 19 of the extractable unit 100 is different,
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since these tubes, which are also finned, have a so-called
“battery” arrangement which is well-known to the person
skilled in the art. This means that the end closing member 15
is in fact formed by various headers which are typically
composed of copper/steel tubes. In a preferred embodiment,
the tubes of the extractable unit are smooth or grooved, in
battery form with so-called packed lamellae.

As already mentioned, in a variation of embodiment, the
exchanger may have a single circuit instead of two circuits
(without middle tube plate 3) and in this case it may in any
case be associated with a pair of extractable units or with a
single extractable unit.

It will be understood that in the description provided
hitherto the use of relative terms, such as “front”, “rear”,
“top” and “bottom”, is to be understood as being purely
exemplary and functional in nature for the purpose of
ensuring greater descriptive clarity with reference to the
drawings of the embodiments considered.

The present invention has been described hitherto with
reference to preferred embodiments thereof. It is understood
that other embodiments relating to the same inventive idea
may exist, as defined by the scope of protection of the claims
which are provided hereinbelow.

The invention claimed is:

1. A heat exchanger assembly, comprising:

i) a flooded heat exchanger, comprising:

ii) a primary tube bundle inside which, during use, a first
operating fluid flows:

il) a skirt surrounding said primary tube bundle and
adapted to receive a second operating fluid which laps,
during use, against said primary tube bundle;

iii) one or more extractable units adapted to be removably
inserted inside said flooded heat exchanger, each
extractable unit comprising:

a secondary tube bundle inside which, during use, an
auxiliary operating fluid flows; and

a first connector for removable connection of the
extractable unit to the heat exchanger, said means
first connector being adapted to allow insertion of
said secondary tube bundle inside the skirt down-
stream of the primary tube bundle with respect to a
flow of the second operating fluid, and
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iv) two lateral deflectors shaped as inclined lateral planes
fixed to the skirt below one or more of said secondary
tube bundles and extending along an entire longitudinal
length of the skirt, the two lateral deflectors being
configured to channel the second operating fluid
towards the one or more of said secondary tube bundles
and to act as a guide, along an entire length of the two
lateral deflectors, for insertion of the one or more
extractable units.

2. The heat exchanger assembly according to claim 1,
wherein said secondary tube bundle extends in a serpentine
path, with an outward section and a return section.

3. The heat exchanger assembly according to claim 2,
wherein said one or more extractable units have an inlet and
an outlet for the second operating fluid, which are arranged
on a same side.

4. The heat exchanger assembly according to claim 1,
wherein said first connector for the removable connection
comprises a secondary tube plate.

5. The heat exchanger assembly according to claim 1,
further comprising a second connector for removable fluid
connection which is adapted to establish fluid communica-
tion between an auxiliary fluid outlet of said one or more
extractable units and an inlet for the second operating fluid
of the flooded heat exchanger.

6. The heat exchanger assembly according to claim 1,
further comprising a distributor for distributing the second
operating fluid inside said skirt.

7. The heat exchanger assembly according to claim 6,
wherein said distributor is a longitudinal distributor arranged
upstream of said primary tube bundle.

8. The heat exchanger assembly according to claim 7,
wherein said longitudinal distributor comprises a perforated
plate.

9. The heat exchanger assembly according to claim 6,
wherein said distributor comprises one or more transverse
distribution elements arranged alongside said primary tube
bundle.

10. The heat exchanger assembly according to claim 9,
wherein said one or more transverse distribution elements
comprise inclined baffles or partitions.
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